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COMPARISON OF HEARING THRESHOLD ESTIMATION 
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AND BRAINSTEM AUDITORY EVOKED POTENTIALS  
IN CHILDREN
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Saša Knežević and Oliver Vajs
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SUMMARY – Current recommendations proposed by pediatric audiologists are to commence 
with hearing amplification in children aged 6 months and above, after previous determination of the 
type and degree of hearing impairment and audiometric configuration. The goal of this study was to 
compare results obtained by click-evoked auditory brainstem response (c-ABR) and auditory steady 
state response (ASSR) in a group of children. This study included 68 children with different degrees 
of hearing impairment evaluated by c-ABR and ASSR. It is well-known that the c-ABR threshold 
highly correlates with behavioral hearing level at 2 kHz. In our study, the correlation between the c-
ABR and ASSR thresholds in the whole sample was 0.58, 0.73, 0.97, 0.96, 0.95, 0.97; in the group of 
children with c-ABR thresholds up to 40 dBHL, it was 0.42, 0.73, 0.86, 0.74, 0.81, 0.81; and in the 
group with c-ABR thresholds worse than 40 dBHL, it was 0.46, 0.56, 0.89, 0.83, 0.85, 0.89 at 0.5, 1, 
2, 4, 1-4, 2-4 kHz, respectively. Individual differences between the c-ABR and ASSR thresholds in the 
whole sample were up to 95, 90, 20, 25 dB at 0.5, 1, 2, 4 kHz, respectively. Study results indicated that 
there was strong correlation between the c-ABR and ASSR thresholds at 2, 4, 1-4, 2-4 kHz. The 
ASSR can be used as a valuable clinical tool and an excellent complementary method which, along 
with other audiologic techniques, provides more accurate hearing threshold estimation at an early age 
in children.
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Introduction
With the introduction of the Universal Newborn 
Hearing Screening Program (UNHSP), which pro-
vides early detection of hearing impairment in chil-
dren, hearing evaluation techniques have significantly 
changed. Nowadays, it is necessary to diagnose the 
type and degree of hearing impairment, as well as con-
figuration of hearing loss in children up to 3 months of 
age, in order to start early treatment and provide ade-
quate hearing aid by the age of 6 months1,2. Early de-
tection of hearing impairment in newborns and in-
fants is important in order to achieve linguistic com-
petences and language development in deaf and hear-
ing impaired children. Children whose treatment 
starts at a late age may encounter problems in com-
munication, cognition, reading, understanding and 
social-emotional development3,4. Recommendations 
of the UNHSP represent a great challenge to audiolo-
gists, since definitive diagnosis of hearing impairment 
in infants and children is based on several subjective 
and objective tests, all of which have limitations.
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For decades, the most reliable objective diagnostic 
method in pediatric audiology was click-evoked audi-
tory brainstem response (c-ABR) with a non-filtered 
click as stimulus. There is empirical confirmation that 
a non-filtered click c-ABR highly correlates with an 
average hearing threshold determined by pure tone au-
diometry in 2-4 kHz range5-9. Unfortunately, estima-
tion of c-ABR threshold does not provide information 
on hearing threshold below 2 kHz. Having in mind 
that hearing impaired children in most cases have bet-
ter hearing ability at lower frequencies, this technical 
limitation of c-ABR significantly affects the objective 
hearing status in the area of speech frequency. In order 
to provide children with hearing impairment adequate 
hearing amplification, it is of utmost importance to 
evaluate hearing at low frequencies. In this case, the 
disadvantage of c-ABR is compensated by behavioral 
assessment of hearing which is, however, unreliable in 
infants under 3 months of age. Attempts to provide 
objective diagnosis in the entire hearing area using 
tone-evoked ABR were never put in day-to-day clini-
cal practice due to unstable wave morphology, dura-
tion of the test, and lack of response in cases with se-
vere and profound hearing impairment10-12.
Therefore, the auditory steady-state response 
(ASSR) has been greatly welcomed as an appropriate 
alternative to behavioral audiometry. Unlike the use of 
broad-band click or tone burst in ABR, the ASSR uses 
continuous amplitude and frequency modulated tone 
as stimulus. Compared to c-ABR, interpreted subjec-
tively and relying greatly on audiologist’s experience, 
the ASSR finding is a result of statistical analysis of 
the probability of response. In theory, results of the 
ASSR should be automatic hearing threshold estima-
tion at speech frequencies, requiring no special train-
ing for interpretation. In recent years, there have been 
many studies on the correlation among ASSR, c-ABR 
and tone-audiometry in adults and children. Despite 
the fact that most authors confirm the correlation be-
tween an average hearing threshold determined by 
tone audiometry and ASSR, there have been single 
cases indicating discrepancies even exceeding 30 dB in 
hearing thresholds between these two methods13. 
Moreover, it has been published that hearing threshold 
estimation by ASSR is most reliably done in patients 
with mild or moderate hearing impairment, whereas 
most discrepancies in hearing thresholds, determined 
by pure tone audiometry, have been diagnosed in sub-
jects with normal hearing14,15.
The goal of this study was to compare hearing 
thresholds obtained by the c-ABR and ASSR within a 
group of children with different levels of hearing im-
pairment.
Patients and Methods
The study protocol was approved by the local Eth-
ics Committee, and informed consent, signed by par-
ents, was required for every subject before they could 
participate. The current study was conducted from 
January 2014 to December 2015. It included 68 chil-
dren (136 ears) with suspected hearing impairment. 
All examinees underwent an ENT examination, tym-
panometry, transient evoked otoacoustic emissions, c-
ABR, ASSR, and behavioral hearing estimation con-
ducted by experienced pediatric audiologists. The chil-
dren with conductive hearing loss and the children in 
whom the fifth wave on c-ABR at stimulus intensity 
of 100 dBHL could not be recorded were excluded 
from the study. The mean age of children with differ-
ent estimated hearing thresholds was 26.6±19 months 
SD (8-120 months), out of which 49 were boys and 19 
girls. According c-ABR threshold, the children were 
divided into two groups. Out of 136 examined ears, 26 
had c-ABR threshold of up to 40 dBHL, and 110 ears 
were diagnosed with hearing impairment above 40 
dBHL. The mean age in the group with c-ABR 
threshold up to 40 dBHL was 24.1±7.7 months SD 
(11 boys and 2 girls), one child had Down syndrome 
and another one was blind. In the group with c-ABR 
threshold above 40 dBHL, the mean age was 27.2±20.8 
months SD (38 boys and 17 girls).
The c-ABR recording was conducted under gen-
eral anesthesia (ketamine) using an Interacoustics 
Eclipse EP 25 system. A non-filtered rarefied polarity 
click was used as stimulus with repetition rate of 
27.7/s. The click was emitted over inserted earphones 
calibrated at hearing level. The recording electrodes 
were positioned on both mastoids (Reference), on the 
forehead (Active) and on the lower part of the fore-
head (Ground). Impedance for all electrodes was 3 
kΩhm or less. The analysis window was 20 ms, while 
low and high filters were 100 and 3000 Hz. The mea-
surement was conducted by a descending method, 
starting from the hearing threshold estimated by a be-
havioral method. The responses were recorded with ac-
curacy of 5 dB with maximum intensity of 100 dBHL. 
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The measurements were done for the right ear first, 
and then for the left one. The criterion used to evaluate 
the response was visual identification of wave V and its 
reproducibility. The evaluation was conducted by expe-
rienced audiologists.
Upon c-ABR threshold estimation, measurements 
continued with ASSR using the same equipment. The 
recording continued with the change of signal by using 
binaural amplitude and frequency modulated tones of 
0.5, 1, 2 and 4 kHz with 90 Hz modulation rate10,15,16. 
The measurement was conducted by a descending 
method, where the initial stimulation intensity de-
pended on estimated c-AEP hearing threshold and 
behavioral hearing evaluation. The accuracy of mea-
surements was at 5 dB and the maximum stimulus in-
tensity was 100 dBHL. The recorded response repre-
sented statistical analysis of the probability of response 
at 95% confidence level. After obtaining results and 
achieving 100% reliability of response, it was accepted 
regarding frequency and intensity, and therefore we 
moved to lower intensity stimulation. The estimated 
threshold provided by the manufacturer criteria was 
considered as the ASSR threshold. According to de-
fault criteria, the measurements took 6 minutes per 
frequency and intensity. In case the examiner estimat-
ed that the time of response recording should be pro-
longed, it was done in 10 minutes.
Statistical analysis was conducted by SPSS 17 pro-
gram, which provided mean values of the c-ABR and 
ASSR thresholds, mean and individual difference 
thresholds determined by c-ABR and ASSR, as well 
as Pearson coefficient of correlation between thresh-
olds determined by c-ABR and ASSR at 0.5, 1, 2, 4, 
1-4, 2-4 kHz. Statistical methods were applied to both 
groups, i.e. the one with normal hearing, slight or mild 
hearing impairment (estimated behavioral hearing 
threshold up to 40 dBHL) and the group with hearing 
impairment exceeding 40 dBHL.
Results
The mean hearing level determined by behavioral 
audiometry and c-ABR in the whole sample (136 ears) 
was 74.4 dBHL, SD 28.1 dB (5-100 dBHL).
The mean ASSR thresholds were 59, 62.6, 73.3, 
71.1, 70.7, 72.6 dBHL at 0.5, 1, 2, 4, 1-4, 2-4 kHz, 
respectively. The mean differences between the c-ABR 
and ASSR thresholds were 15.4, 11.8, 1.1, 3,3, 3.7, 1.8 
dB at 0.5, 1, 2, 4, 1-4, 2-4 kHz, respectively. The mean 
c-ABR and ASSR thresholds are shown in Table 1.
Individual differences between the c-ABR and 
ASSR thresholds in absolute values were up to 95, 90, 
20, 25 dB at 0.5, 1, 2, 4 kHz, respectively. The mean 
difference between the c-ABR and ASSR thresholds 
of up to 10 dB was measured at 500 Hz in 59.6%, at 
1000 Hz in 75.7%, at 2000 Hz in 95.2% and at 4000 
Hz in 91.5% of ears.
Individual differences of up to 10 dB in the group 
of children with normal hearing, slight or moderate 
hearing loss were 69.2, 88.5, 100, 73.1% at 0.5, 1, 2, 4 
Table 1. Mean c-ABR and ASSR thresholds in dBHL (N=136, ears)
Group c-ABR ASSR 0.5 kHz ASSR 1 kHz ASSR 2 kHz ASSR 4 kHz
Whole sample
Mean 74.4 59 62.6 73.3 71.1
SD 28.1 34.2 33.7 29.2 32.4
n 136 136 136 126 118
c-ABR ≤40 dBHL
Mean 24 28.6 22.3 22.8 16.1
SD 5.7 19.1 12.6 6.3 9.6
n 26 26 26 26 26
c-ABR >40 dBHL
Mean 86.2 66.1 72.1 86.4 87
SD 14.8 33.1 29.8 15.1 15.2
n 110 110 110 100 92
c-ABR = click-evoked auditory brainstem response; ASSR = auditory steady state response
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kHz, respectively. In the group with estimated c-ABR 
threshold worse than 40 dB, individual differences of 
up to 10 dB between c-ABR and ASSR thresholds 
were 57.3, 72.7, 94, 96.7% at 0.5, 1, 2, 4 kHz, respec-
tively.
In the total sample, Pearson correlation coefficients 
between the c-ABR and ASSR thresholds were 0.58, 
0.73, 0.97, 0.96, 0.95, 0.97 at 0.5, 1, 2, 4, 1-4, 2-4 kHz, 
respectively. The correlation between the c-ABR and 
ASSR mean thresholds were very high and similar in 
all subjects. These results are shown in Table 2.
In the group of children with c-ABR threshold up 
to 40 dBHL, there were 26 ears and the mean c-ABR 
threshold was 24 dBHL (20-40 dBHL). The mean 
Table 2. Individual difference between c-ABR and ASSR thresholds in dB
Group 0.5 kHz 1 kHz 2 kHz 4 kHz
Whole sample
0-10 dB 81 (59.6%) 103 (75.7%) 120 (95.2%) 108 (91.5%)
15-25 dB 26 (19.1%) 11 (8.1%) 6 (4.8%) 10 (8.5%)
>30 dB 29 (21.3%) 22 (16.2%) 0 (0%) 0 (0%)
n 136 136 126 118
c-ABR ≤40 dBHL
0-10 dB 18 (69.2%) 23 (88.5%) 26 (100%) 19 (73.1%)
15-25 dB 3 (11.5%) 3 (11.5%) 0 (0%) 7 (26.0%)
>30 dB 5 (19.3%) 0 (0%) 0 (0%) 0 (0%)
n 26 26 26 26
c-ABR ˃40 dBHL
0-10 dB 63 (57.3%) 80 (72.7%) 94 (94.0%) 89 (96.7%)
15-25 dB 22 (20.0%) 8 (7.3%) 6 (6.0%) 3 (3.3%)
>30 dB 25 (22.3%) 22 (20.0%) 0 (0%) 0 (0%)
N 110 110 100 92
c-ABR = click-evoked auditory brainstem response; ASSR = auditory steady state response
Table 3. Mean difference and correlation between c-ABR and ASSR thresholds in dB (N=136, ears)
ASSR compared to c-ABR thresholds (kHz)
Group 0.5 1 2 4 Mean 1-4 Mean 2-4
Whole sample
Mean difference 15.4 11.8 1.1 3.3 3.7 1.8
n 136 136 126 118 136 126
Pearson coefficient 0.58 0.73 0.97 0.96 0.95 0.97
c-ABR ≤40 dBHL
Mean difference 4.6 1.7 1.2 7.9 3.4 4.7
n 26 26 26 26 26 26
Pearson coefficient 0.42 0.73 0.86 0.74 0.81 0.81
c-ABR ˃40 dBHL
Mean difference 20.1 14.1 0.2 0.8 3.7 0.2
n 110 110 100 92 110 100
Pearson coefficient 0.46 0.56 0.89 0.83 0.85 0.89
c-ABR = click-evoked auditory brainstem response; ASSR = auditory steady state response
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values of ASSR estimated thresholds were 28.6, 22.3, 
22.8, 16.1, 20.6, 19.3 dBHL, and differences between 
the c-ABR and ASSR were 4.6, 1.7, 1.2, 7.9, 3.4, 4.7 
dBHL at 0.5, 1, 2, 4, 1-4, 2-4 kHz, respectively. Indi-
vidual differences were measured at 0.5 kHz up to 40 
dB, at 1 and 2 kHz up to 10 dB, and at 4 kHz up to 15 
dB. In this group, Pearson correlation between the c-
ABR and ASSR thresholds was 0.42, 0.73, 0.86, 0.74, 
0.81, 0.81 for ASSR at 0.5, 1, 2, 4, 1-4, 2-4 kHz, re-
spectively.
The group with c-ABR threshold worse than 40 
dBHL included 110 ears and the mean c-ABR thresh-
old was 86.2 dBHL (50-100 dBHL). The mean hear-
ing level values estimated by ASSR were 66.1, 72.1, 
86.4, 87, 82.5, 86.4 dBHL, and the differences be-
tween hearing levels evaluated by c-ABR and ASSR 
were 20.1, 14.1, 0.2, 0.8, 3.7, 0.2 dB at 0.5, 1, 2, 4, 1-4, 
2-4 kHz, respectively. Individual differences were 
measured at 0.5 kHz up to 95 dB, at 1 kHz up to 90 
dB, at 2 kHz up to 20 dB, and at 4 kHz up to 35 dB. 
Mean difference and correlation between c-ABR and 
ASSR thresholds are shown in Table 3. In the sample 
with severe hearing loss and deafness, Pearson correla-
tion between c-ABR and ASSR yielded values of 0.46, 
0.56, 0.89, 0.83, 0.85, 0.89 for ASSR at 0.5, 1, 2, 4, 1-4, 
2-4 kHz, respectively. Correlation between c-ABR 
and ASSR thresholds are shown in Figure 1.
Discussion
At the time of hearing assessment, the average age 
of children was about 26 months. This unacceptably 
late hearing assessment is the consequence of a non-
existent UNHSP in Serbia17. The mean hearing level 
in the examined children was 74.4 dBHL (20-100 
dBHL).
The mean differences between the c-ABR and 
ASSR thresholds in the whole sample were 15.4, 11.8, 
1.1, 3,3, 3.7, 1.8 dB at 0.5, 1, 2, 4, 1-4, 2-4 kHz, respec-
tively. Similar findings have been reported by Swane-
poel and Ebrahim18. In our study, the mean ASSR 
thresholds were better than those obtained with c-
ABR, although in most studies the ASSR threshold 
was higher than c-ABR11,18. This may be explained by 
a large number of examined children with almost nor-
mal hearing in the frequency area below 2 kHz.
Tolerant individual differences between hearing 
levels estimated by c-ABR and ASSR of up to 10 
dBHL were found in 59.6, 75.7, 95.2, 91.5% of ears at 
0.5, 1, 2, 4 kHz, respectively. A difference over 30 dB 
was measured in 21.3%, 16.2%, 0, 0% of ears at 0.5, 1, 
2, 4 kHz, respectively. Individual differences varied 
from 95 dB at 0.5 kHz, 90 dB at 1 kHz, 20 dB at 2 
kHz to 25 dB at 4 kHz. Significant difference found in 
the low-frequency area was the result of the well-
Fig. 1. Correlation between c-ABR and ASSR thresholds at 500-4000 Hz.
c-ABR = click-evoked auditory brainstem response; ASSR = auditory steady state response
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known fact that c-ABR determines hearing levels in 
the medium frequency area, while most children have 
better hearing thresholds at lower frequencies (steeply 
sloping high-frequency hearing loss). This study con-
firmed strong correlation coefficients between hearing 
levels determined by c-ABR and ASSR at 2 and 4 
kHz, as well as the mean 1-4, 2-4 ASSR thresholds 
(0.97, 0.96, 0.95, 0.97).
On the contrary, at 0.5 and 1 kHz frequencies, a 
weak/moderate correlation was found. There also are 
other reports on a high correlation of 0.90 and 0.97 
between hearing levels determined by c-ABR and 
ASSR at 2 and 4 kHz, and worse correlation of 0.85 
and 0.87 at 0.5 and 1 kHz18-21. High correlation in the 
whole sample was found for the mean ASSR thresh-
olds (1-4 and 2-4 kHz) compared to the c-ABR 
thresholds. Similar findings have been reported by 
Swanepoel and Ebrahim18.
Having in mind the published research findings, 
indicating that the greatest errors made with ASSR 
were in patients with normal hearing, our sample was 
divided into two groups. The first group included chil-
dren with c-ABR threshold of up to 40 dBHL. In this 
group, hearing evaluation was performed mostly due 
to speech and language delay, where in most cases per-
vasive developmental disorder was found. The mean 
hearing level in this group was 24 dBHL, and the 
mean differences between c-ABR and ASSR were 4.6, 
1.7, 1.2, 7.9, 3.4, 4.7 dB at 0.5, 1, 2, 4, 1-4, 2-4 kHz, 
respectively. Individual differences in absolute values 
ranged from under 40 dB at 0.5 kHz to tolerable 10-
15 dB at other frequencies. Correlation coefficients 
ranged from 0.42 at 0.5 kHz to 0.86 at 2 kHz. The 
nonsignificantly lower correlation coefficient com-
pared to the entire sample could be explained by high-
er effects of noise recorded during low intensity stimu-
lation. Recording background noise during ASSR and 
c-ABR low-level stimulation could explain major dif-
ferences between the behavioral and electrophysiolog-
ical thresholds in normal hearing population, as pub-
lished in numerous studies22-29.
The second group included children with moder-
ate, severe or profound hearing loss determined by c-
ABR (50-100 dBHL). Their mean behavioral hearing 
level was 86.2 dBHL. Differences in thresholds deter-
mined by c-ABR and ASSR were 20.1, 14.1, 0.2, 0.8, 
3.7, 0.2 dB at 0.5, 1, 2, 4, 1-4, 2-4 kHz, respectively. 
Maximum and individual differences ranged from un-
der 20 dB at 2 kHz to 95 dB at 0.5 kHz. This signifi-
cant difference could be explained by the fact that the 
‘ski-slope’ type of audiogram was found in 12 ears. 
Correlation coefficients were significant at all frequen-
cies tested, even though the greatest ones of over 0.80 
were noted at 2 kHz and above.
Conclusion
The use of ASSR is completely justified in pediatric 
hearing evaluation. High frequency ASSR thresholds 
significantly correlate with the c-ABR levels in differ-
ent levels of hearing loss. These results indicate the 
highest reliability of the ASSR in relation to the c-
ABR 2, 4, 1-4, 2-4 kHz. The ASSR is a very useful 
complementary method and a diagnostic algorithm in 
pediatric hearing loss, especially as a cross-check using 
c-ABR findings, mostly in children where it is not 
possible to perform an adequate behavioral hearing 
threshold assessment, especially to detect the residual 
hearing in children with absent c-ABR and otoacous-
tic emissions.
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Sažetak
USPOREDBA PRAGA SLUHA DOBIVENOG POMOĆU ASSR (AUDITORY STEADY STATE RESPONSES)  
I RANIM AUDITIVNIM EVOCIRANIM POTENCIJALIMA KOD DJECE
S. Lemajić-Komazec, Z. Komazec, M. Buljčik Čupić, S. Knežević i O. Vajs
Trenutne preporuke pedijatrijskih audiologa su da slušnu amplifikaciju kod djece treba započeti od 6. mjeseca, nakon 
prethodnog određivanja tipa i stupnja oštećenja sluha i audiometrijske konfiguracije. Cilj ove studije bio je usporediti rezul-
tate dobivene pomoću ranih auditivnih evociranih potencijala (c-ABR) i ASSR (auditory steady state responses) kod djece. Ovo 
istraživanje je obuhvatilo 68 djece s različitim stupnjem oštećenja sluha procijenjenim pomoću c-ABR i ASSR. Poznato je 
da je prag sluha određen pomoću c-ABR u visokoj korelaciji s razinom sluha na 2 kHz. U našem istraživanju je korelacija 
između pragova sluha određenh pomoću c-ABR i ASSR u cijelom uzorku bila 0,58, 0,73, 0,97, 0,96, 0,95, 0,97; u skupini 
djece s c-ABR pragovima sluha do 40 dBHL bila je 0,42, 0,73, 0,86, 0,74, 0,81, 0,81; a u skupini s c-ABR pragovima sluha 
nižim od 40 dBHL bila je 0,46, 0,56, 0,89, 0,83, 0,85, 0,89 na 0,5, 1,2, 4, 1-4 odnosno 2-4 kHz. Pojedinačne razlike između 
pragova sluha određenih pomoću c-ABR i ASSR u cijelom uzorku bile su do 95, 90, 20, 25 dB na 0,5, 1, 2 odnosno 4 kHz. 
Rezultati studije su pokazali da postoji statistički značajna korelacija između pragova sluha određenih pomoću c-ABR i 
ASSR na 2, 4, 1-4, 2-4 kHz. ASSR se može koristiti kao značajan klinički alat i odlična komplementarna metoda koja, 
 zajedno s drugim audiološkim tehnikama, omogućava precizniju procjenu praga sluha kod djece.
Ključne riječi: Evocirani potencijali, auditivni; Audiometrija; Sluh, gubitak
